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a h^hA^nrW-i nr i <^lt thereof the DhosohopeplKte having from 5 to 30 amino acids nc'uding the sequence A-B-C-D-E 

whereAB^an?^ 
aspartate and compositions particularly compositions to teeth including same 


WO 87/076.5 - PCT/AL87/00172 

- 1 - 

1 TITLE: PH OSPHOPEPTIOES 

2 This invintlon rslatas to phosphopapt Idn * n d 

3 compositions containing same. 

4 This invention also relates to caries and gingivitis 

5 inhibition. 

6 The present invention provides a p h o s p h o o e p t i d e or a 

7 salt thereof, the phosphopeptide having from 5 to 3 0 anlno 

8 acids including the sequence 
g A -B-C-O-E 

10 where A,8.C,D and £ are independently p h o s p h o s a r i n e t 

11 phosphothreonine, phosphotyrosine, phosphohlstldlne, 

12 glutamate and aspartate. 

13 Preferred phosphopeptldes are those wherein A t 8 and C 

14 are independently phosphoserlne, phosphothreonine, 
Phosphotyrosine and phosphohistldine and 0 and E are 

16 independently phosphoserlne, p h o s p h o t h r e o n i n e , glutamate and 

17 aspartate. 

10 Particularly preferred phosphopeptldes are those where 

19 A , 8 and C are phosphoserlne and 0 end E are glutamate. 

20 ,e phospeptide is preferably in substantially pure 

21 f o .* .ii . 

22 The phosphopeptldes of the present invention or their 

23 salts may have utility in the treatment or inhibition of (i) 

24 dental diseases such as caries, gingivitis and periodontal 

25 disease, (ii) rarefying bone diseases such as osteoporosis 
28 and osteomalacia and (ill) diseases relating to 

27 malabsorption of minerals. 

28 Accordingly, the present invention provides a 

29 composition comprising a peptide or a salt thereof in 

30 accordance with this invention and a physiologically 

31 acceptable diluent. 

32 The composition may be in the form of a pharmaceutical 

33 composition* 

34 The composition may be orally ingestible. 

35 A mixture of phosphopeptldes and /or their salts may be 
38 used In the composition. In this instance it is preferred 

37 that those containing the sequence A-8-C-0-E above 

38 predominate* 
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1 Th. phosphop.ptld. or ml.tur. of p h o s p h a p a P t 1 d . > Is 

2 pr.f.rably substantially pura at Last to th. axtant or not 

3 containing unpalatabl. laputltlti. 

4 Th. following p h o s p h o p a P t I d a s hava ba.n found to b. 

5 us.ful in th. compositions of th. peasant Invantlon,- 

6 Ti.Glu-H.t-Glu-Al.-Glu-Ps.-Il.-Psa-P.a-Psa-Glu-Glu-Ila-Val- 

7 Pro-Asn-Psa-Val-Glu-Gln-Lys, 

8 T2 .Glu-L-u-Glu-Glu-Lau-Asn-V/al-Pro-Gly-Glu-Il.-Val-Glu-Ps.- 

9 Lau-Pse-Psa-Psa-Glu-Glu-Ser-Ila-Thr-Arg, 


1 0 


T3.Asn-Thr-a.t-Glu-Hls-Val-Psa-Ps.-P*a-Glu-Glu-Sar-Ila-Ila- 

11 Psa-GLn-Glu-Thr-Tyr-Ly s , 

12 T4.A,n-Al.-Asn-Glu-Glu-Glu-Tyr-S.r-Ila-Gly-Pa.-Psa-P,.-Glu- 

13 Glu-Ps.-Ala-Glu-Wal-Ala-Thr-Glu-Glu-tfal-Lys . and 

14 T5.Glu-Gln-Lau-Psa-Pth-Paa-Glu-Glu-Asn-Sar-Lys. 

n5 Th. .lino acid symbols ara as follo-s . Psa- 

18 phosphos.r In.. S.r-S.rlna. P t h - p h o s p h o t h r a o n I n a . Tnr- 

17 thr.onln.. G 1 u - g 1 u t a • a t a . Asp-aspartata, Al.-.l.nlna. Aan- 

18 aspar.glna. Glr»-glutamln., Gly-glyclna. Arg-.rglnln. 

19 hlstldlna. II 

20 math 


H 1 s - 


26 p 
27 


.-lsol.uclna, L • u - 1 • u c 1 n a . U y s - 1 y & n a . « a t - 
lonlna. Pro-prolln.. Tyr-tyroslna, Wal-vallna. 

21 Th. pho.phop.ptld. may b. mad. s y n t h a t 1 c a 1 1 y by 

22 ch.mlc.l synth.al. or g.natlc anglnaarlng or can b. 

23 a«tractad from naturally occurring matarlal. 

24 8 . causa of cost conaldaratlons It Is currantly mora 

25 .conomlc to ..tract th. phosphopaptlda from cas.ln and In 
.rtlcul.r fro. alph.-a cas.ln or bat. -cas.ln. Phosvltln 

..y also b. us.d as a sourc. of th. p.ptld.. Furtn.r. 

28 phosphoprot.ln, in c.r.als. nuts and v.g.t.bl.s particularly 

29 in bran husks or sh.aths may b. us.d to produc. th. p.ptld. 

30 abova. In particular, rlca. ah. at, oat. b.rl.y or ry. 

31 brans. Soyb.an and m.at contain pho sphop rot a I ns »hlch may 

32 b. of usa In obtaining tha paptlda abow.. 

33 Casaln and In particular alpha-s casaln or bata-casaln 

34 or salt. th.raof auch aa sodium casalnat. contain 

35 polyp. Ptld.s .hlch can ba cl.av.d to sl.pl.r paptld.a. 
38 Such cl.av.ga .ay b. .ff. ct.d by dlga.tlon. such dlg.stlon 

37 may ba chamlcal or protaolytlc. 

38 It la prasantly pr.f.rrad to dlgaat casaln .1th on. of 
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1 trypsin. p. pain, chy.otcyp.in, p.p. In. th.r-olysln or 

2 ptomx. Of th.»., trypsin Is pr.f.rr.d. 

3 Th. dlvj.st.d cas.ln em b. fractlon.d Into p.ptld.s 

4 including th. s.qu.nc. A-3-C-0-E and other p.ptld.s. Th, 

5 pr.s.nc. or said oth.r p.ptld.s Is not d.l.t.rlous to 

6 .fflc.cy. how.v.r. c.rt.ln of said oth.r p.ptld.s hav. 

7 objection. SI. tast. and accordingly If any of said oth.r 
a p.ptld.s ar. to b. includ.d It Is pr.f.rabl. to r..ov. thos. 
9 having obj.ctlonabl. tast.. In g.n.ral. thos. of said 

10 oth.r p.ptld.s having obj.ctlonabl. tast. s... to b. 

11 hydrophobic. 

12 Th. following p.ptld.s hav. b..n found to have 

13 obj.ctlonabl. tast.:- 

14 1. Glu-Val-L.u-Asn 

•j 5 2. Asn-Clu-Asn-L.u-L.u 

18 3. Al^-Pro-Ph.-Pro-Gln-Val-Ph.-Gly 

17 4 . L.u-Arg-Ph. 

19 s. p n .-Phe-Val-Ala-Pro-Ph.-Pro-Gln-Wal-Ph.-Gly-Lys 

19 8 . L.u-Arg-L.u 

20 7. Ph.-Tyr-Pro-Glu-L.u-Ph. 

21 (Glu-gluta.at., V.l-valln.; Lu-l.ucln.; A s n - a s p a r a g 1 n • : 

22 Ala-.lanln.; Pro-prolln., P h • - p h • n y 1 a 1 a n 1 n • ; Gln-gluta»ln.i 

23 Gly-glycln.j A rg - A r g In ln.j Lys-lysln.j T y r - t y r o s 1 n • . ) 

24 Pr.f.rably th. p.ptld. Is on. .xhlbltlng a r.ductlon In 

25 hydroxy apatlt. dissolution rat. of at Last 15< und.r th. 
28 t.st conditions d.fln.d h.r.ln. 

Pr.f.rably th. p.ptld. Is on. .xhlbltlng a r.ductlon 
in hydroxy apatlt. dissolution rat. of at Last 28* und.r 
th. t.st conditions d.fln.d h.r.ln. 

30 Pr.f.rably, th. p.ptld. Is on. .xhlbltlng a r.ductlon 

31 In hydroxy apatlt. dissolution rat. of at Last JOS und.r 

32 th. t.st conditions d.fln.d h.r.ln. 

33 Pr.f.rably, th. p.ptld. is on. .xhlbltlng a r.ductlon 

34 In hydroxy ap.tlt. dissolution rat. of at Last 321 und.r 

35 th. t.st conditions d.fln.d h.r.ln. 

38 Pr.f.rably. th. p.ptld. Is pr.s.nt as 0.01 to 101 by 

37 w.lght. 

38 Pr.f.rably, th. p.ptld. Is pr.s.nt as 0.01 to 51 by 


27 
28 
23 
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1 weight . 

2 p r «f 9r ably , the ptpt Idi is ptinnt as 0.01 to 21 by 

3 weight. 

4 Thi composition of this Invention may be In the for* of 

5 a comestible such as foodstuff or confectionery, dentifrice, 

6 tablet or comprise a pharmacologically acceptable vehicle or 

7 solution of suspension for topical application to tha teeth 

8 or gingival tissues or a mouthwash. Other modes of 

9 administering the peptide would be acceptable if 

10 physiologically or pharmacologically acceptable. 

11 Of particular interest as compositions ara chmwing gum, 

12 breakfast foods, ice-cream and other frozen confectionery, 

13 confectionery, sweets and cakes as these are all known as 

14 caries problem materials. Similar considerations apply to 

15 other potentially cariogenic food components. 

13 Also of particular interest are dentifrices, 

17 mouthwashes and prapiritlons for topical application to 

18 teeth and gingival tissue and enteric capsules for the 

19 trettment of bone disorders and mineral malabsorption. 

20 Also of interest is the use of compositions in 

21 accordance with this Invention in respect of dental 

22 treatment of cavities. In this last respect, there appears 

23 to be evidence of remlnerallzatlon of Incipient lesions 

24 which ara considered to be a pre-cavity condition. However, 

25 there is also evidence to indicate that application of 
28 compositions in accordance with this invention to the 

27 surfaces of actual cavities and to surface* of teath 

28 produced by removal of decay matarlal from actual cavities 

29 or by fracture Is beneficial. 

30 Slnci a topical application of a composition in 

31 accordance with this Invention which is an aqueous solution 

32 to surfaces of actual cavities or surfaces of teeth produced 

33 by removal of decay material from actual cavities or by 

34 f ricturi is unlikely to hav* long tare effect, we have 

35 further sought to provide compositions wnich «lght have the 
30 desired long term effect. 

37 Accordingly, the presant Invention also provides a 

38 composition in accordance with this invention and adapted to 
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1 t ...ln in contict with » tooth surf.c. ov.r • prolong. d 

2 p.rlod. Thi Inv.ntlon also provld.s m.thods and ..an, for 

3 a.lntalnlng compositions In accordanc. with this Inv.ntlon 

4 In contact with a tooth surfac. ov.r a prolonged p.rlod. 

5 In this last respect a prolonged p.rlod should be 

6 Interpret. d In accordance with the effect desired and th. 

7 tl». taken to achieve sufficient of that .ff. ct to b. of 

8 value. However, in so., lnstanc.s that prolong. d p.rlod .ay 

9 b. as short as on. day but Is .on pref.rably a p.rlod of 
10 weeks or ion', h s . 

n1 m on. lnst.nc. a tooth cavity Is coat.d -1th a 

12 co. position In accordanc. with this Inv.ntlon and th. cavity 

13 Is clos.d to r. strict .sc. p. of th. co. position. Such 

14 closur. -ay ba .ff.ct.d by capping or use of dental cavity 

15 filling compositions. 

18 m another Instance the composition Is so formulated as 

17 to b. adapt.d to remain In plac. for a prolong. d p.rlod. In 

18 this lnstanc. th. composition of th. Inv.ntlon may for. part 

19 of a d.ntal filling composition. 

20 Accordingly. th. pr.s.nt Inv.ntlon also provld.s a 

21 d.ntal filling composition comprising a p h o s p hop • p 1 1 d • of 

22 formula A-B-C-D-E as d.fln.d ibovi and a carrl.r th.r.for 

23 adapt.d to adh.r. th. composition to a tooth surfaca. 

2 4 such a dental filling composition may contain dental 

25 

26 sattable polymers. 

27 
28 


filling aat.rlals known par s. Including amalgams and 


Of particular lnt.r.st ar. d.ntal filling composition, 
which contain calcium. The calcium Is desirably In the form 

29 of calcium phosphate or hydroxyapatlti. 

30 The phosphopeptld.s for us. In th. Inv.ntlon can ba 

31 .xtr.ct.d in a number of .ays but th. us. of a fractionation 

32 technique Is g.naraily pr.ferr.d. 

33 Th. phoaphop.ptld.s can b. .xtract.d by fractionation 

34 bas.d on mol.cular six. or ch.rg. c h a r a c t . r 1 s t 1 c s. Ou. to 

35 th. unlgu. n.g.tlv. charge density and dlval.nt metal Ion 
38 s.qu.st.rlng ability of the peptide, conferred by th. actlw. 
37 s.qu.nc. A-B-C-O-E as d.fln.d, th. pr.f.rr.d fractionation 

36 procedure Is anion aachang. chromatography or s.l.ctlva 
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1 precipitation or • combination of both, 

2 Tht following prociduri 1 I 1 u ) t r « t • s one mode of 

3 extraction, 

5 An snip U of the phosphop tpt idei art those produced by 

6 a tryptic digestion of bovine milk casein* The digestion 

7 of whole sodium caselnate or fractions (aipha-S or beta) 

8 produced by selective precipitation (Zlttie, C.A. and Custer 

9 J.H.; J . Dairy Sci 461 1183-1189, 1 983) is carried out using 

10 a proteins trypsin ratio of 50 t 1 in 20 m« Tris H C 1 pH 8,0, 

11 2.5mfl NaC1 at 3 7 9 C for 1 h. The peptides were fractionated 

12 using a Pharmacia FPLC system «lth a Mono Q HR 5/5 column 

13 and eluted with a NaC1 gradient; Buffer A 20m« Tris HC1 pH 

14 3.0, 2.5w« NaCI i Buffer 8 20 m fl Tris H C 1 pH 8.0, SOOmfl 

15 MaC1 9 gradient 0-1001 Buffer 8/30 iln; flow rate 1m1/min. 

16 Tractions were washed and concentrated using an Amicon 

17 Ultrafiltration Cell with a UflOS filter. The peptides were 

18 identified using a Water Associates PICO-TAG amino acid 

19 analysis system using phenyl lsothiocyanate amino acid 

20 darl v it 1st t Ion. Phosphate was measured by the method of 

21 Itaya and Ui (C1ln, Chin. Acta. 14i361-368 f 1960). The 

22 peptides were sequenced (after the removal of phosphate by 

23 alkaline phosphatase) using manual Edman degradation and the 

24 resulting PTH-amlno acids identified using reverse phase 

25 HPLC on a Zorbax 003 column 25x0.48 cm (OuPont). 

28 The following phosphopeptides were Individually 

27 obtained from a tryptic digestion of sodium caselnate using 

28 the above procedure* 

29 T1 .Glu-Plet-Glu-Ala-Glu-Pse-Iie-Pse-Pse-Pse-Glu-Glu-Iie-Val- 

30 Pro-Asn-Pse-Val-Glu-Cln-lys. 

31 T2.Glu-Leu-Glu-Glu-Leu-Asn-Vel-Pro-Gly-Glu-Ile-Val-Glu-Pse- 

32 Leu-Pse-Pse-Pse-Glu-Glu-Ser-Ile-Thr-Arg. 

33 T3.Asn-Thr-«et-Clu-Hi«-Val-Pse-Pse-Pse-Glu-Glu-3er-Ile-Ile- 

34 Pse-Gln-Glu-Thr-Tyr-Lys. 

35 T4.Asn-Aia-Asn-Glu-Giu-Glu-Tyr-3er-Iie-Gly-Pse-Pse-Pse-Glu- 

36 Glu-Pse-Ala-Glu-Val-Ala-Thr-Glu-Glu-Val-Lys. 

37 T5.Glu-Gln-Leu-Pse-Pth-Pse-Glu-Glu-Asn-3er-Lys. 

38 In addition the following peptides were also obtained! 
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1 T6.Asp-Ile-Gly-Pse-Clu-Pse-Thr-Glu-Asp-Gln-Ala-«et-Glu-Asp- 

2 Ilt-Lys. 

3 T7.Vil-Pro-Cin-L«u-Cln-Ils-Vai-Pro-Ain-Pia-Ali-Clu-Glu-Arg. 

4 T8.Thr-Vil-Aap-««t-Glu-P5fl-Thr-Glu-Vii-Ph«-Thr-Lya. 

5 T9.Lsu-Pth-Glu-Glu-Lys. 

6 The paptldia T1.T6 and T7 were also obtained f r o m a 

7 TPCK-tryptlc digest of a 1 p h a s 1 - c a a a I n a t a ( c o m p r 1 s 1 n g alpha a1 

8 and ilphi ), Paptida T2 was also obtainad from a T P C K - 

9 tryptic dl9«st of b a t a - c a a a 1 n a t a . Paptldes T3 f T4, T5, T8 

10 and T 9 were also obtainad from a TPCK-tryptlc digest, of 

11 «lpHa s 2 M Cas«inat« (comprising a L p h a s 2 • * 1 P h a a 3 * » 1 P h * S 4 and 

12 alpha s6 ). The amino acid symbols ara as follows: Pse- 

13 phosphosar ina, 3ar- serine, Pth-phosphothreonlne, Thr- 

14 threonine, Glu- Glutamate, Asp- aspartate, Ala- alanine, 

15 Asn- asparglne. Gin- glutamina, Gly- glycine, Arg- arginine, 

16 His- histidine, lie- isoleucine. Leu- leucine, Lys- lysine, 

17 «et - methionine, Pro- proline,' Tyr- tyrosine, Val- valine. 
1 a ^itliEiiSH El2££ d iiE.£ II 

19 The following procedure illustrates one mode of 

20 selective precipitation. 

21 A solution of sodium caseinate was digested with 

22 trypsin (50i1, c a s e i n t t r y p s i n ) for one hour at 37°C with the 

23 pH maintained at 8.0 by the addition of NaOH. HC1 (0.1 fl) was 

24 then added to the solution at room temperature to pH 4.7 and 

25 the resulting precipltata removed. B*C1 2 was added to the 

26 supernatant to a level of 0.2 5* w/v followed by an equal 

27 volume of absolute ethanol and the resulting precipltata was 

28 removed and dried. Tha preclpltite was dissolved In one 

29 tenth the original volume of watar (to facilitate 

30 dissolution the pH was raised with NaOH) and the solution 

31 acidified to pH 3.5 with IN HC1. An equal volume of acetone 

32 was added and the precipitate removed and dried. The 

33 precipitate was then redlssolved In H^o and acidified to pH 

34 2.0 by addition of HC1. Tha resulting precipltata was 

35 rsmoved and discarded and the supernatant was adjusted back 
38 to pH 3.5 with NaOH and an aqual volume of acetone was 

37 added. The resulting precipitate was collected, redlssolved 

38 In water and H 2 50 A added to precipitate 8a30 4 which was 
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1 discarded. Thi lupirnitint was then dlilysid and 

2 lyophyllsed or spray dritd, A iixturt of 5 phosphopep t idti 

3 wars obtained with this procsdura. 

4 The following ara tha phosphopapt Idas obtainedt- 

5 TI.Glu^at-Glu^la-Glu-Pia-Ila-Psa.Pia-Psa-Glu^Iu-ria-Val- 

8 Pro-Asn-Pse-Val-Glu-Gln-Lys. 

7 T 2.Clu-Lou-Clu-Glu-Leu-Asn-Val-Pro-Cly-Glu-Ile-Val-Glu-Pse- 
Lau-Pie-Pse-Pia-G'.u-Giu-Sar-Ila-Thr-Arg. 

T3.A3n.Thr-nat-Glu-Hls.Val-Psa-Psa-Psa-Glu-Glu-Sar-Ila-Ila- 

10 Psa-Gln-Glu-Tht-Tyr-Lya, 

11 T4.Asn-Ala-Asn-Glu-Clu-Clu-Tyr-Ser-Ile-Cly-Pse-Pse-Pse-Glu- 

12 Glu-Pse-Ala-Glu-Val-Ala-Thr-Glu-Clu-Val-Lys. 

13 T5.Glu-Gln-Leu-Pse-Pth-Pse-Glu-Asn-Ser-Lys. 

14 Tha ratio of tha phosphopapt Idas ( T 1 i T 2 i T 3 : T 4 i T S ) In 

15 the final preparation depends on the starting Material and 
conditions of hydrolysis. Oigesting sodium caseinate with 
TPCK-trypsin yields largely T2'with small amounts of T1. T3 
and T4. However, T2 shows greater lability than the other 
peptides such that more rigorous digestion as occurs with 
some commercia 1 casein digests yields a preparation 
containing largely T1 with small amounts of T3 and T4. 

If in lieu of sodium caseinate, alpha si-casein is used 
for this procedure pure T1 is obtained. With beta-casein as 
the starting material pure T2 is obtained. 
25 The most common sequences of the active peptides is the 

pentapeptide Psa-Pse-Pse-Glu-Glu. The spacings of the 
phosphate and carboxyl groups in a b a t a - c o n f o r m a 1 1 o n of this 

28 pentapeptide ara shown in Pig 1. 

29 The 6.88 Angstrom spacings of phosphates and carboxyls 
allows specific attachment to calcium atoms aiong the c-axis 
of hydroxy apatite crystals. This pentapeptide sequence 
occurs in peptides T1 to T4 and occurs modiflad in peptide 

33 TS - Pse-Pth-Pse-Glu-Glu following a conservative 

34 substitution of p h o s p h o t h r a o n i n a for p h o s p h o s a r i n e . 

35 Conservative substitutions within the active sequence 
38 would be p h o s p h o t h r a o n 1 n a and to a lesser extent 

37 phosphotryrosine or p h o * p h o h 1 s t i d i n e for p h o s p h o s e r 1 n e 

38 although p h o s p h o s e r 1 n a is preferable. Another possible 


1 6 
1 7 

1 a 

1 9 
20 
21 
22 
23 
24 


26 
27 


30 
31 
32 


1 0 

1 1 

1 2 
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, substitution for p h o s p h o s . r 1 n . -ould b. glut...t. or 

2 .sp.rt.t. but .g.ln p h o S p h o,.rln. I, pr.f.r.bl.. * Posslbl. 

3 substitution for gluta.at. Is aspartat.. 
Th. .ctlv. p.ptld.s can t.r c.lclu. phosph.t, and 

oth.r -Its of dlv.l.nt ..t.l Ions. On, .ol. of T1 binds 18 
„ .ol. of C.HPO, such that a 1 0 . g / - 1 solution of T1 at pH 7.0 
7 can solublllx. 6 0.1 C.HPO, producing a ..tast.bl. 
9 supersaturated solution -1th r.sp.ct to c.lclu. phosph.t. 
9 sp.cl.s. nth chlorld. as th. count. r Ion on. .ol. of T1 
binds only 5 .ol. of C." binding only to s.rln. phosphat.s. 
On. .ol. of T1 -1th about 16 .ol. of C.HPO. bound (*... 

4 88 3 ) -111 forth b. r.f.rr.d to .s c.lclu. phosph.t. 

,3 T1. An l.portant ch..lc.l f.atur. of c.lclu. phosph.t. T1 

14 is th.t .bov. 2i -/w I" -»t.r th. co. position 1, . 

15 thlxotroplc g.l. T1-T5 h a v • b.an sho-n 

16 antlc.rlog.nlc using th. follo-ing t.st proc.dur.s, 

17 x.st 1. Hydroxyap.tlt. Dissolution R.t. Assay. 

18 ThTI I'm.t is • .odlflc.tlon of . t.st proc.dur. .Ir.ady 

19 d.scrlb.d (R.ynolds. E.C.. Rll.y. P.'- Stor.y. 

20 C.lclf. Tiss int 34,s52-s58. 1982). Th. purpos. of this 

21 t.st is to d. t.r. in. th. .ff.et of th. p.ptld.s on 

22 hydroxyap.tlt. dissolution .nd In this r.sp.ct sine, tooth 

23 .n...l is l.rg.ly co.pos.d of hydroxyap.tlt. It 1, b.ll.v.d 

24 th.t us.ful co.p.rlsons can b. ..d.. 

25 Ooubl. distill. d. d.lonlz.d -at.r (18 ..g. oh.s/c) -as 

26 us.d throughout. An. lytic. 1 r.ag.nt gr.d. ch.-le.l. -r. 

27 obt.ln.d fro. AJ.x Ch..lc.ls. Au.tr.il.. Hydroxyap.tlt.- 

28 sph.rlod.l -.s purch.s.d fro. BOH. A c h r ... t og r . phy colu.n 

29 confining 0.1, of h y d r o x y . p . t 1 1 . b.ads -as us.d for th. 

30 d..ln.r.llsatlon assay. Trl. S.H. PH 8.3 containing 50.« 

31 N.C1 -.s us.d .s th. colu.n buff.r .t 20'C .nd -.s pu.p.d 

32 through th. colu.n .t . r.t. of 0.1.1/. In. * P-Ptl- 

33 solution 0.1.9/-1 of buff.r -.s appll.d to th. colu.n .nd 

34 0.2.1 fractions -.r. coll.ot.d b.for. and aft.r p.ptld. 

35 .ppilc.tlon .nd .ss.y.d for tot.l c.lclu.. phosph.t. .nd 

36 p.ptld.. Fro. th.s. v.lu.s a rat. of dissolution (n.ol 

37 c.lclu. or phosph.t. p.r -In) for .ach 0.2.1 fraction -.. 

38 obta ln«d . 
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Phosphop.ptld.s T1-TS all d.cr.n.d h y d r o x y a p a t I t . 

2 dissolution rat. by about 321. 

3 Phosphop.ptld.s T6-T9 «.r. found to b. -«ch. 1»» 

4 effective. 

Fluorld. Plus phosphop.ptld. T1 g.v. « co.bLn.d 

6 r.ductlon in hydroxyapatlt. dissolution (401 r.d.etl.n). 

7 Th. phosphop.ptld. T1 caused a SOS gr.at.r r.t.ntlon of 

8 fluorld. in th. hydroxyapatlt. column. 

9 This -ork sho.s that th... P h o , p h o p . p t 1 d . s bind to 

10 hydroxyapatlt. and r.duc. th. .In.r.l. dissolution rata and 

11 .nh.nc. th. r.t.ntlon of fluorld. In th. crystal ..trlx. 

12 Th. r.ductlon In hydroxyapatlt. dissolution -as r.lat.d to 

13 th. phosphos.rln. cont.nt and sp.clnga -ithln th. p.ptld.s. 

14 Tast 2. Intra-Oral Carl.s T.st. 

15 ThV Intlc.r log.nlclty of p h o s p h o p . p t 1 d • T1 -as 

18 d.t.r.ln.d using . .edification of th. Intra-or.l carl.. 
17 t.st of Koulourld.s and Ostro. (Carl.s R... 10,4*2-432. 

1 9 1 978). En.Ml slabs -.r. Ins.t In a r..ov.bl. Intra-or.l 

19 appllanc. to .l.ul.t. an approxl.al ar... This -as don. on 

20 both sld.s of th. r..ov.bl. .ppll.nc. (1. ft and right). 

21 Th. appllanc. ».s -orn to alio- plaqu. accumulation In th. 

22 .l.ul.t. d approxl.al ar.as. Eight tl..s a day th. 

23 appllanc. ... r..ov.d and pl.e.d In a solution at 3?'C. 

24 Th. solution -as 21 -/v sucro... 21 ■/« glucos.. 140 «■ KC1. 

25 20. n M.C1 at P H 7.0. T-lc. . day th. right sld. .n,..l 
28 slabs r.c.lv.d .xposur. to a solution containing 1.8l ./« 

27 c.lclu. phosph.t. T1 in 140 . n K C 1 . 20 .« M.C1 .t pH 7.0. 

28 -hll. th. I. ft sld. r.c.lv.d only t*. salt solution. At 

29 th. co.pl. tlon of th. .xp.rl.-nt th. . n a * . 1 slabs ..r. 

30 r..ov.d. s.ctlon.d and subj.ct.d to Microradiography and 

31 .lcroh.rdn.ss t.stlng. Th. .Icroradlography sho-.d that 

32 th. slab, axpos.d to th. s ugar-s.lt solution (l.ft-.ld.) had 

33 sub-.urf.c. c.rl.s-HW. l.slons. Ho.av.r. th. sl.b. 

34 .xpos.d to th. sug.r-salt solution and th. p.ptld. T1 

35 solution t*lc. a day sho..d no carlas-llk. ch.ng.s. Th. 
38 r. suits *.r. conflr..d by . 1 c r oh a r d n a s s analysis. P1.0.U. 

37 ».s also t.k.n fro. both sld.s of th. appllanc. and an.lys.d 

38 for c.lclu. phosph.t.. s.rln. phosph.t. and p.ptld. T1 using 
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1 . eo.p.tltlv., quantitative . n * y m . - 1 1 n k . d Immunosorbent 

2 nny (ELI3A) utilising monoclonal antlpeptlde T1 

3 intlbodlas. 

4 This sho.id that the plaque on the right side of tha 

5 .pplL.ne. expos. d t.Lc. a day to th. p.ptld. T1 solution 
8 contained th. p.ptld. at a l.v.l of at l.ast 0.4* . / . . t .t 

7 of pi. qua and tha l.v.l of c.lclu. phosphate had Incr.asad 

8 2-4 fold. 

9 This *ork sho.s that p.ptld. T1 Is lncorpor.tad Into 

10 pl.qu. th.r.by Increasing th. pi. qua l.v.l of c.lclu. and 

11 phosph.t. so inhibiting th. carl.s proc.ss. This method of 

12 incorporation and accumulation In dental pl.qu. can b. us.d 

13 to c.rry r em 1 n . r a 1 1 s Lng and antibacterial Ions Into plaqu. 

14 and enamel e.g. C P0 4 , FPO3. 2n. Cu. Sn. Ag. Al. 

15 La . 

19 r.st 3 - Intra-Oral R e m 1 n e r a 1 1 s a 1 1 on 

17 in""ln"tra-or.l appliance similar to that us.d In th. 

18 pr.vlous t.st proc.dur. -as us.d .xc.pt that th. enamel 

19 el.bs had ba.n previously exposed to a d . • 1 n . r a 1 1 s 1 n g 

20 solution to produc. t.o sub-surf. c. d .. 1 n • r a 1 1 s . d lesions In 

21 each slab. The demlnerallslng solution »es a 0.1" lactate 

22 buffer pH 5.0 containing 500 mg/L h y d r o x y a p a t 1 t e .nd 11 

23 agar. The appliance -ere .orn by subj.cts for 10 days. 

24 T.lc. each day the appliances .ere removed and a drop of 

25 re. in. r. Using solution .as placed on th. enamel slabs on 
28 th. right of the appliance. The left-side en. eel slabs 

27 served as controls. After 10 days the enamel slabs -ere 

28 re.oved. sectioned and subjected to microradiography. The 

29 amount of .ln.t.l deposited back Into th. sub-surface 

30 lesions was deter. Ined using .Icrodansltoeatry. The 

31 re.ln.r. Using solution containing 1.81 ./* c.lclu. 

32 phosphate T1 pH 7.0 returned 57* of th. .In.r.l lost 

33 eoap.red with 13* by saliva alone. 

34 lili £ " Plaque pH Fall 

35 Subjects refrained fro. oral hygiene for 3-5 days then 
38 rinsed .1th a 5* sucrose solution for 1 .In. Plaque ...pie. 

37 .ere re.oved and pH .as measured using the on. drop 

38 t.chnlqu.. Aft.r approximate 5 mln th. pH f.ll to around 
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5.0. Ho«tvir, If thi subjects rlnstd with a solution 
containing 1.8< w/v calcium phosphate T1 f pH 7.0 15 tin 
bsfora rinsing with tht St sucrose solution tha plaque pH 
did not fall below 8.7, demonstrating significant pH 

5 buffarlng by tha calcium phosphata T1. 

6 « h i 1 a tha pracisa nchinin by which tha 

7 p h o s p h o p a p t i d a s axhibit a n t i c a r i o g a n 1 c activity is not 

8 known, tha following speculative thaorlas have baan put 

9 forward but ara not to ba taken as binding or limiting. 
Tha p h o s p h o p a p t i d a s nay accumulate in plaque and 

enamel, buffer plaque acid, prevent enamel d a m i n e r a 1 i s a t i o n 

12 and enhance r e m i n e r a 1 i s a t i o n . The small molecular weight 

13 of the p h o s p h o p e p t i d s s may allow penetration and 

14 accumulation in plaque and enamel pores. The 

15 p ho s p h o p e p t 1 d e s , due to the appropriate spacing of serine 
phosphate residues, may bind to tooth enamel mineral and 
prevent d e m i n e r a 1 i s a t i o n . The peptides may also carry 
calcium and phosphate ( f 1 u o r o p h o s p h a t a on modification) into 

19 plaque and enamel, in an appropriate form, possibly allowing 
spontaneous r e m 1 n e r a 1 i s a t i o n . The ph o s p h o s e r 1 n e residues 
may also buffer plaque acid. The pho s p h op ep 1 1 de may also 
carry antibacterial metal Ions e.g. 2n f Cu, Sn» Ag f Al, Fe 
and La Into plaque and in this way have an antiplaqua and 
antlgingi v 1 tls effect. The metal Ions are carried by the 
25 phosphopept Ides primarily due to the p h o s p h o s e r i n e residues. 
25 Phosphopipt idts may bind to plaque bacteria and Inhibit 
27 sugar utilisation. 

The ability of these peptides to sequester calcium 
phosphate can be utilised In the treatment of various 
rarefying bone diseases. These peptides can significantly 

31 increase the absorption of calcium, phosphata and iron in 

32 tha gut. Hence, pharmaceutical vehicles (e.g. enteric 

33 capsules) or foods containing calcium phosphate T1 and 

34 ferrous phosphate T1 can ba used for the treatment of 

35 o s t a o p o r o s i s / o s t a o m a 1 a c 1 a and anaemia. 

35 Applicants have formulated various compositions In 

37 accordance with this Invention as follows. In general, the 
33 compositions contain from 0.01-101 by weight of 


1 0 
1 1 


1 8 
1 7 
1 8 


20 
21 
22 
23 
24 


28 
29 
30 


WO 87/07615 


PCT/AL87/00I72 


9 

1 0 


- 1 3 - 

1 phosphoptptidt. 

2 Cxiapli 1. Floun In a device for mixing dry 

3 substinci), 1 * by weight of calcium phosphate T 1 was blended 

4 with flour. 

5 Example 2. Caraalt A breakfast caraal was sprayed with 

6 a solution of calcium phosphate T1 in water. The caraal 

7 flakes were then d r ! i d to produce a finished product 
a containing 1t calcium phosphate T1. 

Example 3. Bread* 1* by weight of calcium 

phosphate T1 was added to the flour during the mixing of 

11 ingredients for the manufacture of bread. 

12 Example 4. Cake mixt 1* by weight of calcium 

13 phosphate T1 was added to the dry ingredients in the 

14 preparation of a cake mix. 

15 Example 5. C o n f e c t i o n e r y i In the preparation of 

16 confectionery U by weight of calcium phosphate T1 was added 

17 to the final mixture. 

18 Example 8. Biscultt In the preparation of a 

19 biscuit/mixture H by weight of calcium phosphate T1 was 

20 added to the other dry ingredients during mixing. 

21 Example 7. Beveraget A beverage was prepared in which 

22 0.1* weight of calcium phosphate T1 had been dissolved. 

23 Example 8. Tablett A tablet was made containing 10* by 

24 weight of calcium phosphate T1 together with excipients 

25 being flavouring matter and binding material. 

26 In preparation of a typical dentifrice within the scope 

27 of this invention, the requisite salt and salts of the 

28 selected p h o s p h o p e p t 1 d e are incorporated into dentifrice 

29 compositions in any suitable manner depending on whether a 

30 powder, paste or liquid preparation is to be produced. For 

31 this purpose appropriate preparations of surface-active 

32 agents, binders, flavouring materials and other excipients 

33 required to achieve the required form of dentifrice are 

34 addad. 

35 The Invention Is further Illustrated by the following 

36 examples s 

37 Example 9. Tooth pastet A toothpaste was prepared 

38 having the following composition! 
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1 

Calclui phosphate T1 

5 

.0* 

by 

wel 

2 


1 

• Ot 

it 

tt 

3 

Saccharin 450 

0 

.21 

n 

ft 

4 

Glycerin ( 8 . P . ) 

25 

.01 

n 

ft 

S 

Sod lua laury 1 sulphata 





6 

(Empicol 091 9 ) 

5 

.01 

n 

rt 

7 

Sodium binzoate 

0 

.st 

ft 

it 

a 

Flavour 9/893090 

0 

.8t 

ft 

ft 

9 

Calcium phosphate 

1 

.ot 

ft 

ft 

1 0 

Water Oelonlsed 

39 

.51 

ft 

n 

1 1 

Thixosyl 33J 

9 

.51 

ft 

ft 

1 2 

Syloid AL-1 

1 2 

.01 

ft 

ft 

1 3 

Titanium Oioxide 3328 

0 

.51 

ft 

ft 


14 Example 10. Toothpaste! A preparation as set out in 

15 Example 9 was repeated but with the addition of 0.21 sodium 
18 fluoride in a suitable form. 

17 Example 11. Toothpaste! A preparation as set out in 

18 Example 9 was repeated but with the addition of 0 . 4 1 

19 stannous fluoride in a suitable form. 

20 Example 12. Toothpastei A preparation as set out in 

21 Example 9 was repeated but with the addition of 0.761 

22 monosodium f 1 u o r o p h o s p h a t * in a suitable form. 

23 Example 13. Toothpowders The following preparation was 

24 made s 

25 Calcium phosphate T1* 5.01 by weight 
28 Soluble saccharin 0.11 " " 

27 Colour agent Trace 

28 Olbaslc calcium phosphate 94.11 " " 

29 Example 14. Toothpowdert A preparation as set out in 

30 Example 13 was made but with the addition of 0.761 

31 monosodium f 1 u o r o p h o s p h a t e in a suitable form. 

32 Example 15. Liquid dentlfricet A preparation was made 

33 consisting oft 

34 Sodium alginate 1.41 by weight 

35 Calcium phosphate T1 2.01 " * 
38 Sodium lauryl sulphate 1.01 " " 

37 Flavouring Trace 

38 Colouring Trace 
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eater 95 51 " 

Exa.pl- 16. Liquid dmtlfrlct. As for Example 15 but 

with Q.Si sodlui fluoride added. 

Exa.ple 17. Houth*a»h, The folio. Ing preparation i» 

Calcium phoaohate T1 2.0* by -eight 

Sodium fluoride u.a» 

Flavouring Trace 

Colouring Traca 

Hater 97 ' 5 * " 

Example 18. Carbonated beverage* 0.1* by weight of 

calcium phosphop.ptlde T1 »as added to a commercially 
available carbonated beverage. 

Example 19. Fruit juicei 0.1* by -eight of calcium 

□hoaphopept Ida T1 -as added to a commercially available 
fruit juice . 

Example 20. Solution for topical application to teeth. 

Calcium Phosphate T1 2* 

N a F °- 6 m " 

ZnAcetate °* 1 mW 

SrCl 2 0- 1 » n 

(this solution may be formed into gel by Increasing the 
amour* of calcium ohosphate T 1 } . 
Examp,* Oental filling material 

Calcium phosphate T1 5* w/w 

Calcium phosphate 95* «/* 

Polymeriser trace 

Made as a paste with water 

The polymeriser used in this example was 
glutaraldehyde. 

Example 22. Oental filling material. 

Calcium phosphate T1 5* w/w 

Calcium phosphate 70* 

Aery 1 ic polymer 25* 

Catalyst for polymer trace 
Example 23. Topical Gel for the Treatment of hypersensitive 
teeth . 

Calcium phosphate T1 4.0* by weight 
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1 


SrF 2 


1.01 by weight 


2 


Flavouring 


Tries 


3 


95* 


4 In ths above calcium phosphate T1 was ussd for illustration 

5 but in lieu any appropriate phosphopeptide and/or salt night 

6 be used. 

7 o d i f i c a t i o n s and adaptations way be made to the above 

8 described without departing from the spirit and scope of 

9 this invention which includes every novel feature and 

10 combination of features disclosed herein. 

11 The claims form part of the disclosure of this 
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1 THE CLAIMS DEFINING THE INVENTION ARE A3 F0LL0«3i 

2 1. A phosphopeptide or * silt thereof thi phosphopeptide 

3 having froa 5 to 30 ulna acids including the sequence 

4 A-8-C-0-E 

5 where A , 8 t C , 0 and E are independently phosphoserine, 

6 phosphothraonina, pho ipho ty roi ina , phosphohlstldlne, 

7 glutamate and aspartate. 

8 2. A phosphopept lde as claimed in claim 1, therein A f 8 and 

9 C ara Independently phoiphour Ina , phosphothraonlna, 

10 phosphotyroslna and phosphohistldlne and 0 and E ara 

11 indapandant 1 y phosphoserine, phoaphothreonins, glutaaata and 

12 aspartate. 

13 3. A phosphopept ida as claimed In claim 1, where A t 8 and C 

14 are phosphostr ina and 0 and E are glutamate. 

15 4, A phosphopept ide being one of Glu-Wet-Glu-Ala-Glu-Pse- 
13 ii»-Pse-Pse-Pse-Glu-Glu-Ile-Val-Pro-Asn-Pse-\/al-Glu-Gln-Lys. 

17 5. A phosphopeptide being one of Glu-Leu-Glu-Glu-Leu-Asn- 

18 Val-Pro-Gly-Glu-Ile-Val-Glu-Pse-Leu-Pse-Pse-Pse-Glu-Glu-Ser- 

19 Ile-Thr-Arg. 

20 8. A phosphopeptide being one of A s n - T h r - R e t - C 1 u - H I s - V a 1 - 

21 Pse-Pse-Pse-Glu-Glu-Ser-Ile-Ile-Pss-Gln-Glu-Thr-Tyr-Lys. 

22 7. A phosphopeptide being one of A s n - A 1 a - A s n - G I u - G 1 u - G 1 u - 

23 Tyr-Ser-Ile-Gly-Pse-Pse-Pse-Glu-Glu-Pse-Ala-Glu-Val-Ala-Thr- 

24 Clu-Glu-Val-Lys . 

25 8. A phosphopeptide beln one of Glu-Gln-Leu-Pse-Pth-Pse- 
28 Glu-GIu-Asn-Ser-Lys. 

27 9, A phosphopeptide or * salt thereof as claimed In any 

28 preceding claim and in substantially pure form. 

29 10. A mixture of p h o s p h o p e p 1 1 d e s or salts thereof wherein a 

30 phosphopeptide or salt thereof in accordance with any one of 

31 claims 1-9 predominates. 

32 11. A composition comprising a phosphopeptide or a salt 

33 thereof In accordance with any one of claims 1-9 together 

34 with a physiologically acceptable diluent. 

33 12. A composition as claimed in claim 11, wherein the 

38 phosphopeptide or salt thereof is present In the composition 

37 as 0.01 to 10* by weight. 

38 13. A composition as claimed In claim 11, wherein the 
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1 phosphopeptlde or »iH thereof Is present In the composition 

2 as 0.01 to 5* by weight. 

3 1». A co. position as clal.ed In clal. 11. -herein th. 

4 phosphopeptlde or salt th.r.of Is present In the composition 

5 as 0.01 to 2* by weight. 

6 15. A co. position as clal.ed In any on. of clal.s 11-14. 

7 .heroin the diluent Is a pharmaceutical ly acceptable 

8 diluent. 

9 18. A composition as clal.ed In any one of claims 11-14, 
10 wherein the diluent Is an orally Ingestlble material. 

H 17. A composition as clal.ed in clal. 18. wherein th. 

12 diluent is a comestible. 

13 18. A composition as claimed In claim 17. in the for. of a 

14 foodstuff or confection. 

15 19. A composition as clal.ed In any one of claims 11-14, In 
the form of a toothpaste. tooth powder. dentifrice, 
.outhw.sh or preparation for topical application to teeth or 

1 8 gingival tissue. 

19 20. A composition as claimed in any one of claims 11-14. In 

20 the form of a gel. 

21 21. A composition as claimed In any one of claims 11-14. In 

22 the form of a dental filling composition. 

23 22. A composition as claimed In claim 21 and additionally 

24 containing calcium phosphate or h y d r o xy a p a t 1 t e . 

25 23. A method of obtaining a p h o s p h o p e p t 1 d e In eccordanc. 

28 with any one of claims 1-9 '.hlch comprises fractionating • 
27 digest of casein, i 1 phi -i-eniln, beta-casein or a salt 

26 thereof . 

29 24. A phosphopeptlde In accordance with anyone of clal.s 1- 

30 9 in combination with calcium phosphate or hydroxy apatite. 

31 25. A combination In accordance with clal. 24, comprising 

32 about 18 mole of CaHP0 4 P«t mole of phosphopeptlde. 

33 28. A combination In accordance with clal. 24, or claim 25 

34 In the form of a solution or gel. 

35 27. A phosphopeptlde or salt thereof, composition 
38 containing same or a method of obtaining same substantially 

37 as hereinbefore described with reference to any one of th. 

38 examples. 
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, „ Th. ..tlcl... thin,,, p.tt.. .l...nt.. »t.»«. 

, ...».d.. pr.c.,,... co.P- »" ^ 

3 o 

4 ippllcttlon individually or ca 

5 co.bln.tion, of any t»a or .or. of such. 


r mdlc.t.d in th. .p.elflc.tl.n .nd/or el. I., of th. 

ll«ctlv«ly, and any and all 
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